At a glance commentary
Scientific background on the subject Bypass fixation over the diaphysis has achieved clinical success in cases of proximal femoral bone loss. Fracture of cementless, fully bead-coated femoral stem is an uncommon complication. The purpose of this study is to find out the possible risk factors.
What this study adds to the field
Fatigue fracture of diaphysis engaged long stem prosthesis may happened if there were inadequate medial calcar bone support or smaller stem size. Repairing the proximal femoral bone deficiency and choose better metaphyseal engagement could prevent this kind of stem complications.
Femoral bone loss during revision total hip arthroplasty (THA) poses a challenging problem. Bypass fixation over the diaphysis has achieved clinical success in cases of proximal femoral bone loss [1] . Extensively porous-coated femoral stems allow adequate bone ingrowth in addition to having the advantage of achieving diaphyseal fixation. Satisfactory outcomes have been reported with the use of these revision long stems [2e7] .
Fracture of the femoral stem over stem body was first reported in 1970 by Muller et al. [8] . Most of the reported stem fractures involved cemented prostheses and occurred probably because proximal cement loosening and a distally well-fixed stem allows for cantilever bending forces on the stem over subtrochanteric level [8e14] . Fracture of cementless, fully porous-coated femoral stems is a rare complication that causes catastrophic failure of a previously wellfunctioning prosthesis. Review of the literature revealed that 14 cases of femoral stem breakage at subtrochanteric level involving extensively porous-coated stems have been reported [15e18] .
Multiple factors may result in stem fracture, and the etiological factors that have been studied include inadequate support for the implant in the proximal femur, increased patient weight, small-sized femoral stem, and nonunion of the osteotomy site [15e19]. However, firm conclusions regarding its etiology have not been drawn due to the small number of cases studied. We hypothesized that gender, BMI, implanted stem size, severity of femoral bone defect, and calcar support may contribute to breakage of long stem. Fig. 1 (A) A 76-year-old woman who had previously undergone noncemented revision THA in 2010 due to insert wear with massive proximal femur osteolysis. The femoral component was revised with a 12-mm diameter long stem. 30 months after the revision, the patient presented with thigh pain of sudden onset that occurred during daily activity. (B) An anterior femoral cortical window was made to remove distal well-fixed prosthetic segment, and revision stem with ZMR (Zimmer, Warsaw, IN) was done. A cable plate and grip were used for fracture and osteotomy site fixation. 
The purposes of this study were 1. To analyze the cases that had revision stem fracture, 2. To compare the risk factors between patients with intact or broken revision long-stem. 3. To check the risk factors that previous studies had showed. 4. To analyze the differences between subgroups of patients with broken stems.
Material and methods
This was a retrospective comparative study. From 2006 to 2012, a total of 344 revision long stems were implanted, including primary revision or secondary revision. The revision long stem used in this study was cobalt chrome, fully-coat beaded femoral revision long stem (Zimmer, Warsaw, IN). In the same period, 17 broken stems that underwent treatment were included for analysis. Most of the patients with broken stem were receiving long stem implantation at outside hospital, and was referred to our hospital after stem broken (14/ 17) . After obtaining approval from the institutional review board (No. 102-0019B), clinical records were retrieved from the electronic database. Age, sex, pattern of femoral bone loss, stem size, body mass index (BMI), indications for revision surgery, prosthesis age, and medial calcar support in the proximal region of the stem after revision surgery were collected and analyzed. We excluded patients who were lost of follow up (72 hips), periprosthetic joint infection receiving two-stage exchange arthroplasty (16 hips), aseptic loosening receiving revision surgery (4 hips). In total, there were 251 hips in 241 patients with intact revision long stem (Zimmer, Warsaw, VerSys) and 17 hips in 17 patients with broken revision long stem (Zimmer, Warsaw, VerSys) were included for final analysis.
A comparison of these variables was carried out in patients with and without a fractured stem. Deficiency of the proximal femoral bone stock was graded according to the Paprosky classification [20] . The deficiency of proximal femoral bone was by two-view x-ray, including AP and lateral view. The loss of the medial calcar support was also by AP plain film. The broken stem group was further summarized according to the revision reason, duration from revision to stem broken, bone loss grade, re-revision stem type, and complications.
Student's t-test, analysis of variance, and chi-square test were used for data analysis among the non-fractured stem group and fractured stem group. A p-value of <0.05 was considered as statistically significant. All data was analyzed using SPSS (version 22.0, SPSS Inc, Chicago, IL, USA).
Results
Detailed patient characteristics were given in Table 1 . There were no differences in most data between the two groups; however, the BMI and sex ratio were a little different between the groups but without statistically significant (p ¼ 0.272, 0.607). The average stem size in the intact group was 14.01 (11e17) mm, and in the broken group was 11.61 (11e15) mm, with a statistical difference (p < 0.001). Bone loss had no statistical difference between the intact group and the broken group (p ¼ 0.795). In all cases of the broken stem group, there was no medial calcar support in the proximal region of the stem, and it was 12.4% (31/251) in the intact stem group (p < 0.001). There were two main risk factors remained, the stem size (p ¼ 0.002, Odds ratio: 54.96) and the medial calcar support (p < 0.001, Odds ratio: 164.89). Higher BMI and Paprosky score had higher risk of stem broken (odds ratio: 1.7; 1.25), but without statistical significance (p ¼ 0.272; 0.795) ( Table 2) .
The mean time from implantation to stem breakage was 58.1 ± 37.0 months (95% confidence interval). In these patients with stem breakage, there were only two cases of extensive Table 2 Comparison between patients with nonbroken and broken stem. 
trochanteric osteotomy (ETO), six cases of transverse osteotomy, and three cases of massive trochanteric bone loss regarding as transverse osteotomy. There were six cases with Paprosky type 2 bone loss, without previous osteotomy (either ETO or transverse). All the broken stems were removed with the use of an anterior cortical window or extended trochanter osteotomy, and reconstruction with a larger stem, with or without plate augmentation, were performed ( Fig. 1 ). There were two cases using the same type revision stem, with loss of initial reduction and re-operation with single or double plate fixation (Fig. 2 ). All the patients were able to walk independently at the final follow-up (Table 3) .
Discussion
For treating massive femoral bone loss during revision THA, cementless long stems were used for bypass fixation over the diaphysis with acceptable clinical success [1, 20] . However, breakage of extensively porous-coated femoral stems was seen during regular follow-up. Previous studies focusing on stem fracture had found some risk factors, including inadequate implant support in the proximal femur, previous extensive trochanteric osteotomy (ETO), high body weight, and a smallsized stem. However, the results were inconclusive due to the small number of cases studied [15e19]. To better understand the risk factors for stem fracture, we analyzed the cases that had experienced stem breakage and underwent surgical treatment at our hospital. We found that stem size (p < 0.001), bone defect (Paprosky, p ¼ 0.028), and medial calcar support (p < 0.001) had significant difference between nonbroken and broken groups. Two risk factors revealed in previous papers were not seen including ETO and high body weight (BMI, p ¼ 0.093). Femoral stem fracture has been reported as a rare complication. The first study to report on femoral stem fractures was conducted in 1975 by Muller et al. [8] . However, most of these fractures were reported in cemented prostheses, probably because proximal loosening in a distally well-fixed stem allows for cantilever bending forces on the stem [8e14]. Fracture of cementless, fully porous-coated femoral stems is a rare complication that may cause catastrophic failure of a previously well-functioning prosthesis.
Extensive porous coating of revision femoral long stem provides a large surface area for bone ingrowth and good initial diaphyseal fixation. Previous clinical studies have reported satisfactory clinical outcomes with fully porous-coated long stems [2e7,21] . Even in the presence of massive trochanteric bone loss, cementless femoral stems used for revision demonstrated good clinical results at the 2e12 year follow-up in a previous study [22] . The reoperation rate for femoral stem loosening was 0% at the 10-year follow-up in a previous study [5] . Review of the literature revealed that 14 cases of femoral stem breakage involving extensively porouscoated stems have been reported. Soteraeanous et al. reported this in two Anatomic Medullary Locking stems used for revision in 122 hips (1.6%) (DePuy, Warsaw, IN) [15] . Busch et al. reported five stem fractures in a series of 219 revision procedures (2.3%), with two Solution (DePuy) and three Echelon (Smith & Nephew) stems [16] . Landa et al. reported three fractures of Echelon femoral stems in 175 hips (1.7%) [17] . 
Recently, a high fracture rate of up to 9.8% was reported for VerSys fully-coated femoral stems (Zimmer, Warsaw, IN) [18] . Bone defect was not clearly defined in previous study. By analyzing the bone defect classification in our study, the classification category of bone loss in the broken stem group was 2.58, which was greater than that in the intact group (2.32), with statistical difference (p < 0.001).
The risk factors that contributed to stem breakage included the stem size. The stem size in the broken group was 11.61 (11e15) mm, which on average was smaller than that in the intact group, with a statistical difference (p < 0.001). Most of the broken stems in our study were 11 mm and 12 mm in size (94.1%, 16/17), which was in agreement with a previous study that reported that stems smaller than 13.5 mm are at a higher risk of stem breakage [16, 18] . However, with inadequate medial calcar bone support, even a larger stem, 15 mm in size, may eventually break (126 months). The average patient age was similar in two groups, without statistically significant (p ¼ 0.55). Compared to a previous study, younger age was not found to be a risk factor for stem breakage. BMI >30 was a risk factor for stem breakage, according to a previous study [16] . In Lu's study, half of the broken stems were in patients with BMI >30 (50%, 2/4) [18] . In our series, most of the patients had a BMI <30 (66.7%, 10/15, 27.6 ± 7.6 Kg/m For removing the previous well-fixed stem, ETO was performed or a cortical window was made. In a previous report, extensive trochanteric osteotomy was also considered to be a risk factor for stem breakage. Crowninshield et al. used finite element analysis to evaluate the difference in stress passing through the stems with varying degrees of proximal femoral bone loss, revealing that stress passing through stem was doubled in unhealed transverse femoral osteotomy [19] . In our opinion, the major reason for stem breakage was the inadequate medial calcar support, that the cantilever effects cause the femoral stem fracture. All cases with broken stems had no medial calcar support (p < 0.001). Without medial calcar support, the loading strength were bypass to distal well-fixed stem site, with cantilever effect just above the bony fixed stem, and eventually break at this level. The cases without medial calcar support over the stem in the intact stem group still required a close follow-up.
In stem broken group, two types of re-revision stem type were used, the same type stem with larger diameter (3) or longer stem (14) with larger diameter that bypass the osteotomy site (Table 3 ). There were two periprosthetic fractures over previous distal osteotomy site, with complication rate 66.6% using the same type stem (2/3). Open reduction and internal fixation with double plate were performed, and fracture united 6 months later with protected weight bearing for 3 months. In treating this kind of patients, longer revision stem to bypass osteotomy site that was used to remove broken stem was suggested to prevent possibility of further periprosthetic fracture.
The stem material that affects the stiffness could contribute to stress shielding and thigh pain [23, 24] . The clinical and radiographic results of stems made from Titanium and cobalt-chrome (Co-Cr) alloy but of the same shape did not show any significant differences; however, the femoral component made of Ti alloy retained greater periprosthetic bone as compared with the femoral component made of Co-Cr alloy [25] . Beaded porous coating was also known to weaken femoral prostheses [26] . In our series, all the broken stems were the Zimmer VerSys long stems, which were extensively bead-coated femoral stems made of Co-Cr. Theoretically, stability of the long stem implants was achieved with diaphyseal fixation, but with inadequate medial calcar support and stiffness of the stem with a high stress shielding effect, the stem eventually broke in the subtrochanteric region.
However, there are some limitations to this study. First, most of the broken stem cases (14/17) were referred to our hospital, with the previous revision surgery performed elsewhere; it was therefore not possible to carry out a perfect case control study. Second, due to referring, the previous x-ray before revision surgery or stem breakage was not available, so the femoral bone defect was clarified by x-ray after breakage and intra-operative finding. The femoral bone defect may be over estimated. Third, because all of the broken stems in this study were from the same company (Zimmer, Warsaw, IN), we couldn't compare the design of stem that contributes to stem breakage. However, we enrolled the same revision stem for analysis to minimalize the bios. As this is a rare surgically related complication in cementless femoral long stem, we used a limited database to address unanswered questions and identify the factors that would prevent occurrence of this complication in the future.
In conclusion, bypass fixation in the distal diaphysis with long stem prosthesis without adequate bone support around over medial calcar area, may cause stress concentration in the long stem and a fatigue fracture. Use of a smaller prosthesis is the major risk of stem broken. It is essential to reconstruct the proximal femoral bone deficiency and implant selection for better medial calcar engagement to prevent further stem complications.
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